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‘Light and spirituality go together. Light and architecture go
together. Light gives value to walls, windows, materials,
textures, and colors. During hours, days, and seasons it
changes space and is a fundamental tool for shaping our
emotional response. Light, both natural and artificial, can-
not be ignored nor used with a technical mind. Light be-
longs to the heart and to the spirit”

Ricardo Legorreta
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In architecture, there are many elements to consider
and explore through design. To me, the most moving and
often least explored component of architecture is light. Light
has the ability to animate a space and bring architecture to
life. | have always been fascinated with light and how it
articulates space. | often find myself inspired by the sud-
den expressions of light. Some images are so powerful,
they are never forgotten. Visualize the way a bright beam
of light bursts through a small opening in the curtains of a
bedroom at sunrise. Picture the way light penetrates
through stain-glassed windows of a cathedral splashing
the interior with a colorful cascade of light. Envision those
damp spring mornings when the sun is trying to pierce
through the layers of dense fog and when it finally does,
stunning rays are scattered through the trees and into the
vast landscape.

Sometimes | don’t think we notice how light is such an
alluring and appealing element significantly inherent in our
daily lives. In addition to its ability to paint beautiful scenes,
light allows us to perceive what we see, effects mood and
behavior, reveals depth and texture, and generates the
colors we recognize. Light regulates the activities of our
daily lives and orients people, plants, and animals to the
passage of time through days and the changing seasons.
This attraction to light has led me to inquire more about
light and explore it for my undergraduate thesis.




New elementary schools are being built across the country to replace aged and inadequate facilities.
According to an article in the February 2001 issue of Architectural Record, “the General Accounting Office
(GAO) estimated that $127 billion will be needed just to improve the condition of existing schools. As far as
new construction goes, 2,400 new public schools will be necessary by 2003 to accommodate rising enroll-
ments and to relieve overcrowding.” K-12 enroliment hit a record high 53 million in 2000. Some see these
figures as a crisis, while others see this as an opportunity to rethink the way children are taught and reinvent
the school environment. In the January 2002 issue of American School and University, the top ten trends in
school design were presented which include agility, collaborative planning, community use, cost-effective
school design, smaller schools, security, student-centered design, technology, universal design, and sustain-
able design. The most interesting trend that can directly influence the architecture and design of a schooli is
sustainable design. Currently, architects, educational facility planners, and school administrators are taking
the initiative to incorporate daylighting strategies into the design. Daylighting in schools is the first step to
building greener and more sustainable schools, a trend that is likely to gain more momentum. Besides the
reduced energy costs, daylighting has also suggested a change in the performance of students. Several
studies on the effects of daylighting on student performance have been conducted, and the results have
indicated positive results.

After performing some research to find a potential client for my thesis project, | chose the Indianapolis
Public School System in Indianapolis, Indiana. The Indianapolis Public School system was chosen because
of the school system’s strong need for new and improved schools. Of the 78 school buildings within the school
system, 70 are 25-plus years old, 28 are 50-plus years old, and only 17 are fully air conditioned. An even more
alarming fact is that a few of the schools are well beyond their intended capacity. Recent master planning
studies conducted by the school system suggested the new schools be located within a strong neighborhood
and placed near a city park. After looking at a few potential sites | chose to place a new elementary school
within one of the city's parks, Garfield Park.

The main goal of the new elementary school is to provide a creative and dynamic learning environment that
is enhanced by the integration of light. Different qualities of light will be applied to different spaces based on
their function and overall character. Therefore, it can be said light follows function. The school will enhance
the overall quality of a child’s education through its built environment, and it will inspire and foster learning
while continuing to support the development of the children. The facility should also provide a comfortable
and exciting environment that can be shared by the faculty, the students, and the surrounding community.
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Light could be studied quite extensively and in a variety of ways. One could study the first applications of
light and track its uses as civilization progressed. One could also study the technical and scientific aspects of
light. However, | have chosen not to talk about its history or its physical properties. Instead | have chosen to
discuss some of the characteristics of light and its physical and psychological effect and the advantages of
natural lighting, particularly in learning environments.

First, | think it is important to discuss sunlight and its 24-hour rotation. The rotation of Earth every 24 hours
brings sunrise and sunset each day, something vital to life on our planet. The rhythm of our planet coordinates
with an internal time keeper within our bodies. This system that regulates our internal clocks is called a
circadian system. The events that occur in our bodies occur in reiation to an approximate 24-hour cycle. This
cycle corresponds with the amount of time it takes our planet to rotate on its axis creating day and night.

Humans and animals are not the only life that responds to these inherent rhythms associated with the
earth’s rotation. In addition, plants and even some single-celled organisms regulate in accordance with an
approximate 24-hour cycle. A sense of time is essential for life to sustain itself here on earth. Almost all life
operates on this cycle to ensure its existence here on earth.

Before the sun rises each morning and we awaken, the circadian system prepares our body for the start of
each day. The heart rate, blood pressure, and body temperature slowly rise. The body’s fluids and tissues
also operate in accordance with the circadian rhythms. Depending on the time of day, physical and mental
capabilities vary. Our performance on certain tasks rises and falls at certain times throughout the day. For
instance, according to research, tasks requiring verbal reasoning and short-term memory climax toward the
later part of morning or the middle of the day. Research also claims that studying for an exam between the
hours of six and twelve in the evening is the best time to study during the day because that is the time when our
long-term memory is at its strongest. Factory and assembly line work and other forms of work that involve
repetition tend to be the easiest during the late afternoon and evening. Work that involves more mental
functions tends to be better before noon. However, in all of these circumstances, the body's prime time for
certain activities can vary between individuals.

In order for our bodies to run precisely as planned by the 24 hours available in each day, our bodies need
a cue from the environment to keep our circadian rhythms on track. This cue is sunlight. Sunlight sets the
daily internal clock and coordinates the body with the daily cycle of light and darkness. How the body senses
and then responds to sunlight is very important. The eyes play a key role in aiding with the regulation of the
circadian rhythms. Those who are blind often have a very difficult time stabilizing their circadian rhythms.
However, most have learned how to adjust and adapt to this problem.
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Researchers believe the time keeper most likely responsible for regulating the circadian system lies inside
a portion of the brain called the hypothaiamus which consists of two clusters of nerve cells. These nerve cells
called suprachiasmatic nuclei, or SCN, are directly connected to the retina in the eyes by a nerve tract. The
retina senses light and then sends the light signals to the SCN which in turn send electrical and chemical
messages to other parts of the brain and body introducing the time of day. “The SCN is called an oscillator or
pacemaker because it sets the pace of the body’s various rhythms, keeping them coordinated with one an-
other and with the earth’s rotation” (Hyman 12).

In the study of biological rhythms, researchers believe a hormone called melatonin, secreted by the pineal
gland, also aids in regulation of the circadian system. Melatonin is secreted in different amounts throughout
the day at different times in accordance with the 24-hour cycle of light and darkness.

Studies have shown that when the 24-hour daily cycle of light and darkness is disregarded and hours of
rest and work are irregular, the circadian rhythms grow confused. This can lead to a decrease in health and
alertness. The body’s performance can be greatly hindered. Even little deviations in our daily schedule can
affect the body’s rhythm. This is one reason why some people have trouble dealing with Monday mornings
because their bodies are trying to adjust from the weekend. Traveling by plane across different time zones is
another example of deregulating the body’s rhythm. According to Jane Hyman, author of The Light Book,
“some people take up to 18 days to readjust to a trip across six time zones-—in other words, three days per
hour of time change.” To compensate for this problem, some researchers are studying possibilities to reduce
jet lag, such as light therapy or taking the hormone melatonin.

On a different note, light has also been suggested to regulate or influence a variety of other behaviors.
Some of these behaviors include fertility and childbirth, sleeping and waking habits, eating and drinking, and
mood and behavior. In addition, studies illustrate that light affects skin and bones, wellness and disease, and
aging and death.

So far, I have discussed mostly the physical effects of light on the body. The characteristics of light and how
it makes one feel are also very important. As mentioned in the introduction, light brings a space to life.
Lighting alone can dramatically change the appearance of a space. The character of an entire space can be
altered by changing the quantity, the intensity, or even the quality of light. By simply increasing the brightness
along the perimeter of a space, the space will appear larger. Certain materials in combination with light can
greatly influence the character of a space. Applying highly reflective materials will create an entirely different
experience than using materials heavy in texture. Depending on their orientation to a light source and the
angle at which an observer is looking, textured materials can look entirely different. Alternating patterns of
light and shadow can add drama to space. Contrast in light is important; for without contrast, the environment
would have the quality of a cloudy, overcast day. The environment would appear very mundane and unexcit-

ing.
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Everything we perceive is because of light, whether artificial or natural. Without light, we would also see
no color; they are inseparable. Created by light, color has the ability to dramatically affect mood and behavior
and how someone feels in a space. The dramatic play of color and light is what brings architecture and the
environment to life. For example, exposure to red light stimulates and excites the body. It has been known to
raise blood pressure and increase respiration and heart rates. Blue light is the exact opposite of red in the way
that it behaves. Blue tends to be calming and therefore reduces pulse and respiration rates and lowers blood
pressure.

Light also affects the behavior of plants and animals in a very unique manner referred to as phototropism.
Phototropism refers to the movement of plants and animals toward light, an often necessary function for
growth and development. People also participate in phototropic behavior. Some psychologists have ob-
served humans demonstrating this behavior. When any light suddenly appeared or an increase in brightness
occurred in a person’s field of view, the person would move his or her head or body in the direction of light.
Studies have also been conducted on infants and their response to light. They observed that even infants at
a very early age display a natural response to light.

Higher illumination levels help increase the visibility of tasks and may also help increase the efficiency of
the people performing tasks. The quality of light received from daylighting is significant due to its distribution
within a space and its excellent color rendering capabilities. Daylighting has been linked to improved health.
People tend to feel better around the presence of daylight. Most people will agree daylight improves their
mood. It helps reduce stress levels and improve attention spans. Some researchers have observed that
daylight improves overall behavior. Understanding all of the influences and effects of daylighting can help
shape a space that enhances the overall quality of life.

The effects and advantages of utilizing natural daylight make it a hot topic among school designers today.
The school is a place of huge responsibility and importance because the children of our nation are educated
within these facilities so they can some day become responsible and well-educated citizens. The physical
environment of the school has a direct influence on the educational process. A well-designed learning envi-
ronment helps support and encourage teaching and learning. A poorly designed learning environment could
hinder learning. Therefore, due to the utmost importance of the function a school serves, the learning environ-
ment should stimulate and enhance learning at a high level of fun and excitement. With all of the positive
effects and advantages of natural light, incorporating daylighting strategies into the design of schools is a
logical decision.



The effects of daylighting on school children and how daylighting may influence their performance has
been an interesting topic in the design of learning environments for the past several years. Adequate lighting
is an important feature in the design of a learning environment for children must be able to perform tasks such
as reading and other forms of visual learning. Researchers believe that lighting affects student's performance,
behavior, and health.

In August of 1999, an extensive report sponsored by Pacific Gas and Electric Company and conducted by
the Heschong Mahone Group was released and titled, “Daylighting in Schools: An Investigation into the
Relationship between Dayiighting and Human Performance.” In this comprehensive report, student perfor-
mance data was collected from three elementary school districts located in Orange County, California, Seattle,
Washington, and Fort Collins, Colorado. In addition, the amount of daylight provided in each classroom of
each school was collected. The researchers used this data to find a correlation between the amount of
daylight available in each classroom and the academic performance of each student in those classrooms. The
study proved there was a direct correlation. Students exposed to more daylighting within their classrooms
progressed significantly faster than students exposed to the least amount of daylighting. It is important to
understand that even though all three districts had different curricula and teaching styles and different school
building designs located in varying climates, the results were consistently the same for all. This study sup-
ports the idea that daylighting does have a direct effect on student performance. Even though the researchers
were able to determine a positive correlation between daylighting in classrooms and increased student perfor-
mance, they could not prove that daylighting causes student performance to be higher. The researchers are
uncertain why daylighting may cause this to happen. Their explanations why this may happen suggest that it
may be due to improved visibility due to higher illumination levels or improved light quality, better distribution
of light, better color rendition, absence of light flicker, improved health, improved mood and behavior, de-
creased daylight deprivation, and higher levels of alertness. In addition to increasing student performance,
researchers found that daylighting also increases student and staff attendance and achieves cost savings in
school building operations over time by lowering energy costs.

With all of these positive effects related to daylighting, it is hard to ignore the advantages of incorporating
daylighting strategies into school buiiding design. The main focus of my thesis design was to make use of the
knowledge | obtained about the benefits associated with daylighting and incorporate daylighting strategies
into a school design that uitimately shaped a successful and dynamic learning environment.

t he sis res e atrech




Predock references the buildings he designs to the
surrounding contexts, both physical and historical. Situ-
ated in the desert, the block-like form of the school com-
posed of a series of courts and passages surrounded
by a two-story library resembles the Catalina Mountains
in the distance. “l thought of the school as a city for Ventana Vista HBementary School
children---particularly its scale and the variability of that .
scale relative to children’s bodies.” Predock recognizes mGSﬂn,nﬂmna
the smaller scale of children; he provides small punched
openings for children to view through and coves for
children to crawl inside.

The classrooms are organized into villages, which
include two grade levels. Each village has access to
its own outdoor court with available seating for gather-
ing in small groups.

Daylighting strategies are evident from the use of
punched openings in the classrooms to the skylights in
the gymnasium. However, Predock takes the celebra-
tions of light one step further through the “saolstice wall.”
This wall was designed so that the sun illuminates
plagues on the ground referencing significant days or
events throughout the year.

Predock designed a variety of spaces throughout
the school to provide unique learning environments. He
wanted the design of the school to facilitate and en-
hance learning and exploration through the architec-
ture. This idea was one of the main objectives of my
design.

Antoine Predock

precedent studies
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Neison Fine Arts Center, Arizona State University, Tempe, Arizona
Antoine Predock

Containing a museum, theater arts, and dance departments, Predock de-
fines a journey through the interior and exterior spaces. Through these
different sequences, he incorporates a variety of daylighting strategies.
Inside the galleries, small light coves in the ceiling reflect sunlight inside
without direct light falling upon the artwork. He incorporates a wire mesh
into the treads of a staircase allowing light to penetrate inside an interior
courtyard. On the perimeter galleries, thick walls and punched openings
filled with glass block allow the light to be diffused inside the gallery with-
out the harshness of direct light.

Gateway Center, University of Minnesota, Minneapolis, Minnesota
Antoine Predock

The Gateway Center is a ceremonial gathering place and welcoming center
for the campus and its visitors. The glazed fractures bring sunlight into
the interior of Memorial Hall adding drama to the space. At night, the hall
becomes a beacon of gleaming light.

precedent studies
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Church of the Light, Ibaraki, Japan
Tadao Ando

The Church of the Light is an example of the power and emotion
light can evoke. The cross is cut into the concrete wall allowing
sunlight to glow amid its darker background. The extreme con-
trast of dark versus light is key to this compelling celebration of
light so carefully designed by Ando.

Chapel of St. Ignatius, Seattle, Washington
Steven Holl

The Chapel of St. Ignatius represents what Holl calls, “bottles of
light.” The design concept reflects the influences and concepts
of St. Ignatius who wrote about one choosing different paths
within our lives. The shifting of ourselves is represented by the
interior movement from one bottle of light to another within the
chapel. Furthermore, each of these bottles emphasize a differ-
ent lighting experience to correspond to the different parts of
Jesuit Catholic worship. The different play of light is further
enhanced by the combination of a colored glass and a field of
reflected color. Within each “bottle of light” a colored baffle is
constructed opposite the colored glass windows. Each of the
baffles are back painted in a bright color that is complementary
to the colored glass. For example, the choir area has a “bottle
of light” which expresses a green field with a red lens while the
reconciliation chapel expresses a purple field with an orange
lens. The effects of these bottles of light play a very important
role in heightening our experience of the spaces. The light in-
vites the worshiper into a deep and closer feeling of sacredness
within the chapel.
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In order for myself to better understand educational facilities and the behavior of children, |
had the opportunity to visit a couple of elementary schools. The school presented, Mary Castle
Elementary, is a public school in the Castleton area of Indianapolis. The school is arranged
with the library located toward the center of the facility and the classrooms arranged in grade
level pods surrounding the library. Exterior courtyards are created between the different pods.
Recent additions to the school include a new front entry/vestibule, a large group meeting room,
an art classroom, a music classroom, and a science classroom.

During my visit to the school | had the opportunity to observe a classroom of fourth graders
led by their teacher, my future mother-in-law. It was helpful to observe the school environment
and learn the pros and cons of the school’'s design from a teacher's perspective. From her |
was able to learn about some of the problems and issues present in the school. The biggest
problem was overcrowding. The classroom | observed had a very large class of thirty. | made
sure that would be a concern when | designed a new elementary school for Indianapolis.

The most appealing characteristic of the school is the organization of classrooms into grade
level pods. Each pod shares a common resource area and conference area. The haliway acts
as a gathering space and as a storage area for coats and backpacks. The circulation through
the school operates very smoothly. The classroom pods branch off the main corridor that
surrounds the library. The larger spaces like the cafeteria and the gymnasium are grouped
together along the main corridor for its high volume of traffic. For some added flexibility, the two
spaces are separated by a large movable partition that can be removed to accommodate large
group functions such as a school assembly.

Daylighting was not a design initiative in the design of this school. Organization seemed to
be the key design component. Because of this, daylighting opportunities were limited. A few
skylights are located near the main entry. The placement of these skylights near the main entry
allows the lobby to feel more inviting due to the soft and comfortable diffused daylight. The
courtyards provide an opportunity for glazing on each of its four walls. Although the south side
is the only wall to receive direct sunlight, the other three walls receive a pleasant amount of
indirect light. The picture to the left demonstrates this example and how the indirect sunlight
brightens the corridor.

precedent studies
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Garfield Park is the oldest park (est. 1873) in Indianapolis consisting
of 128.5 acres. The park was originally used as a horse track under the
name Southern Park. It was later renamed to Garfield Park in 1881 in
honor of Hoosier native President James Garfield who died earlier that
year.

The park offers shelters, a recreation center, several playgrounds, a
basketball court, soccer and football fields, softball diamonds, horseshoe
pits, tennis courts, an aquatic center, an outdoor amphitheater, a conser-
vatory, and sculptured gardens with fountains. The Burrello Family Cen-
ter offers a variety of activities including recreational leagues, exercise
programs, weight training, and many other activities. The conservatory
was first built in 1913 and replaced with the current one in 1955. The
amphitheatre was builtin 1921 and is still used for outdoor concerts. The
park was also the first home of the Indianapolis Children’s Museum.

The serene beauty of the park offers a picturesque landscape. Some
of the physical features include a meandering stream that cuts through
the center, towering trees, rolling hills, and large open fields of rich green
grass.

Within the surrounding context, there are several other schools and a
branch of the Indianapolis Public Library System. Emmerich Manual High
School is located just west of Garfield Park. The Shelby Library is lo-
cated on the southeast corner of Garfield Park. With Raymond Street
being a main road and an exit for Interstate 65, there is a high volume of
traffic.

According to one resource, the neighborhood was once very rich in
ethnicity, with a high percentage of Germans. Today, the surrounding
neighborhood context is a middle income urban community of mixed
ethnicity.

With so much to offer, | thought Garfield Park was the perfect location
for a new elementary school.

site informat
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The proposed location for the placement of
the school is at the top of the hill or plateau.
The valley is a possible place for a much taller
feature. By placing the gymnasium in the val-
ley, the overall scale of it will look reduced from
the road.

Heavy vehicular traffic exists along
Raymond Street which is the northern bound-
ary of the park. Noise from the traffic is mod-
erate. Very light traffic occurs along South
Garfield Drive, the eastern edge of the north-
east corner of the park. The driveway that runs
through the park has little or no traffic.

Views from the top of the hill toward the park
are plentiful. Views to the east include a resi-
dential neighborhood of small townhouses and
one story ranches.

The small playground that exists along the
stream may be jointly used by the new school.
The greenway that runs through the site pre-
sents a unique opportunity to the new school.

/ extSrhng

/“; /chﬂa

Lo --,! AR S

RS Y \ :-, “ o ) \, )

y [T R A S : o

& i#‘ X ',J'a $'1 f,_{r\%] Yfﬂ_ . 1/
e W [
AU | i ’
L A R N v lé__, —+

view of the hill or plateau looking west-
southwest

view of the drive that runs through Garfield
Park along the stream and plateau area

view of Pleasant Run Trail, part of the Indy
Greenway system

rmation



i“f"'l—'—i ymcoin 1 ebd LY |7
- - i [T | .
T | o I
gEanl JE U CH 1 — I
: NE— o o 7 2
iew of the residential hborhood 1 rd F Eled g
rllne east across Snoﬁthng'grﬁeld Dri\reowa ::LIU -~ :U r‘ | I Rl (5.
TuRE N | | Lr o — v
_J RS 2%9 Y’
il - J Y —1
7 ce :__% T
| =Nl
view of the bridge placed over the stream i ! !‘«r‘;’i = pri ‘
that ieads to other features in the park G - \ L]
e 7/ S |_ Xl
k i . ] ]

—

view of the hill iooking east-southeast

view of the hill looking north Iong fhe ed panoramic view of the site looking south-southwest along

of the hill South Garfield Drive, immediately east of the site

19



"No space, architecturally, is a space unless it has natural light.”

Louis Kahn



The Indianapolis Public Schools Corporation is the largest public school district in the state of Indiana serving over
40,000 students. The school district ranks first in the state in assessed value, enroliment, and the number of students
transported. Since 1975, IPS has closed 36 elementary schools primarily due to the changing demographics of the
school district population and redistricting implemented from two Federal Court desegregation orders. However, since
1988, students sent to the surrounding districts are now being allowed to retumn to iPS and will continue to be phased
in over the next 18 years. In the next several years, many changes need to be made to guarantee there is room for the
influx of new students and to provide quality educational facilities that meet todays needs. Curently, of the 78 school
buildings in IPS, 70 are 25+ years old and 28 are 50+ years old. In the past ten years only three new schools have been
built. So, there are concerns that the some of the current facilities are too old and may not be able to accommodate for
today's programmatic needs.

Over the last year, an extensive facility study was conducted to evaluate all current school buildings within the school
district. Several public meetings were held to discuss facility condition, program space needs, grade level configura-
tion, school size, community space/facility use, safety/security, support space needs, alternative school calendar, school
locations, and other topics. Based on age, inadequacy, and growing numbers of neighborhood population, the studies
suggested to rebuild five new schools by the year 2004. Eleanor Skillen School #34 is one of those schools scheduled
to be rebuilt in 2003. Some suggestions for locations included acquiring land from the city parks and building new
schools within some of the city parks.

The Indianapolis School System has severai aged, overcrowded, and inadequate school facilities. After facility
studies and several public meetings, the look of IPS schools is looking for change. Renovation and rebuilding of
selected school facilities is planned beginning with a $250 million upgrading for school improvements over the next few
years. The rest of the requested $832 million is still being sought after for upgrades over the next ten years. Elemen-
tary School #34 was identified as one of the facilities to be rebuilt in 2003. Suggestions for school sites include
acquiring park space. For my thesis project, a site for the new Elementary School #34 was chosen on the northeast
corner of Garfield Park on South Garfield Drive in Indianapolis.

The facility program establishes criteria for selected interior spaces to be included in the new elementary schoot.
These spaces include kindergarten classrooms; classrooms for grades 1 through 5; teacher prep areas; a health clinic:
a speech, language, and hearing room; a media center and computer lab; a visual arts classroom, a music classroom
and a science classroom; a gymnatorium with platform; a cafeteria with food service area; an administrative area; and
small gathering spaces for alternative activities. The accumulative square footage of these spaces is approximately
53,850 net square feet with a total gross square footage of 77,840.

A cost estimate was conducted and based on current construction industry data and estimates resulting from typical
patterns associated with educational facilities and elementary schools. The total projected estimated cost is $10,042,900.
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area / space / rooem

kindergarten classrooms 2 @ 1,200 sf
learning environment for young children
typical classrooms (grades 1 - 5) 20 @ 1,000 sf
learning environment for grades 1 through 5
teacher prep area / workrooms 5 @ 200 sf
area for teachers and staff members to work and prepare for class
health clinic
space for the injured or ill
speech, language, & hearing room
area for helping students with speech, language, and hearing development
special education room
area for helping students with physical and learning disabilities
administrative area
variety of administration spaces that support school function
media center with offices and computer lab
resource and information gathering area
visual arts classroom
learning environment that explores visual arts
music classroom
learning environment that explores musical and performance arts
science classroom
learning environment that explores science
gymnatorium
gymnasium and auditorium combined with movable platform
cafeteria / student dining
space for student dining
food service area
space for preparing and serving food
small gathering spaces 5 @ 1000 sf
alternative gathering spaces for grade or individual class meetings

total net square footage
het / gross factor

total estimated square feet

square footage
2,400 sf

20,000 sf
1,000 sf
400 sf
150 sf
550 sf
3,600 sf
6,800 sf
1,200 sf
1,200 sf
1,200 sf
6,800 sf
3,000 sf
2,300 sf

5,000 sf

55,600 sf
22,240 sf

77,840 sf



* estimated cost is in November 2001 US dollars

building cost
77,840 sf @ $80 per sf

fixed equipment
8% of building cost

site development
15% of building cost

total construction cost
movable equipment
8% of building cost

site acquisition/demolition
estimate

professional fees

programming
1.5% of construction cost

architecture
7% of construction cost

interiors
1.5% of construction cost

contingencies
10% of construction cost for unexpected costs

administration costs
2% of construction cost

total projected estimated cost

$ 6,227,200
$ 498,200
$ 934,100
$ 7,669,500
$ 498,200
$ 200,000
$ 114,900
$ 536,200
$ 114,900
$ 766,000
$ 153,200
$ 10,042,900



These conceptual sketches iliustrate the possible organization of the school all of which are drawn with north facing up. The
yellow spaces refer to the classroom pods and the other classrooms like the visual arts, science, and music classrooms. The
blue areas are administration space. The large red areas refer to the large gathering spaces like the gym and cafeteria areas.
Finally, the orange areas signify possible media center locations.

These conceptual sketches are pod explorations. Pods,
one for each grade level, consisting of three classrooms
each would be located along the main corridor. The pod
hallway would become a gathering space for the individual
classrooms. In addition, two pods would share a common
gathering space located across the main corridor. This
space could be used for small group discussions, reading
time, or even mini lectures. Not only do these small gath-
ering spaces provide an additional learning environment,

[ but they aiso allow visitors and other classmates to see
e what is going on if they pass by.
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To take advantage of daylighting
strategies, the organization of the
plan is essential to the design of
the new school facility. By orient-
ing the school north-south and the
classrooms east-west | am able to
maximize daylighting to the south
in the classrooms.

Individual pods of four classrooms
each were explored to incorporate
a varying scale of spaces. As one
would enter the pod from the main
corridor, he or she would be chan-
neled through a short narrow cor-
ridor with display cases on each
side. This would lead to a large
gathering space shared by all four
classrooms of a particular grade
level. This space could serve as
a meeting place to discuss a grade
level activity, a field trip, etc. Each
pod would also contain a teacher
workroom for all four teachers to
share.

These are conceptual sketches
of the proposed school with two
entries, one from the east along
South Garfield Drive and one
from below the site along the
driveway that runs through the
park. Faculty would enter from
the lower level below on the west
side and come up to the main
level through a lobby/entry area.
Spaces accessible from the lower
level wouid include the gymna-
sium, cafeteria, and service and
mechanical areas.




The diagrams to the right were initial
explorations of how light would be in-
troduced into the classroom pods.
The inside walls of the classroom ad-
jacent to the corridor would be trans-
parent at the upper third of the wall.
This would allow diffused light from
the central light monitor to filter into
the individual classrooms on the north
and south sides.

This sketch is a section through the
gymansium. A raised light monitor
would introduce diffused daylight into
the gym without producing the nega-
tive effects of glare.
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These sketches are studies of the
gathering/celebration space. Each
space would be located across the
main corridor from each pod. These
spaces are additional learning envi-
ronments. These spaces would be
used for small group discussions,
reading time, acting out, etc. Each
space would inhibit a unique light
quality through the manipulation of
light and shadow.
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After a disappointing mid-review, | decided
that my design was too focused on respond-
ing to the context instead of my thesis. | re-
alized | needed to further explore how the
building responds to daylighting. The orga-
nization of the building and the individual
pods were controlling the design instead of
daylighting. So, | decided to scrap almost
everything | had and re-design.

| eliminated the pods and instead created
wings, one for each grade level of four class-
rooms a piece. These wings were located
off of the main corridor as in the previous
design. Secondary corridors on the north-
ern side of each wing branched from the main
corridor leading to the classrooms. All class-
rooms could then take advantage of maxi-
mum southern exposure, a more consistent
daylighing source.

The space created between classroom wings
created a unique opportunity for landscap-
ing and exterior learning environments. Each
courtyard could serve as an exterior learn-
ing space. Teachers could take a movable
writing surface outside and children could
sit on the exterior seating provided and par-
ticipate in a classroom activity. The court-
yard space coulid also be a place for plant-
ing and growing gardens by the children.
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In addition to the arrangement of the classroom wings, the orienta-
tion of the building in relation to the path of the sun throughout the
year was the next critical issue | addressed. | skewed the overall
plan of the building ten degrees west of north. The reasoning behind
this design decision was based on the hours of school operation.
During the hours of normal school operations, children are in atten-
dance from around eight in the morning until around three in the
afternoon. The diagram to the left illustrates that during these hours
the sun is positioned slightly more towards the east. Therefore, by
postioning the school building the way | did, maximum daylighting
exposure can be achieved.
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Each classroom incorporates a band of clerestory lighting that would
allow light in the winter time to penetrate deeper into the classrooms
while eliminating direct sunlight during the late spring and summer
months. Windows for view and natural ventilation are located along
the edges of the classroom where direct light would not fall upon the
students.

Daylight from the north is essentially filtered twice into the classrooms.
Daylight is brought in from clerestory lighting created by the roof forms.
The light is diffused within the space located just outside each class-
room entry and into the small nook in each classroom where the com-
puters and reading stations are located the upper left corner on the
diagram to the left).
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The quality and intensity of light changes throughout the build-
ing based on the function and characteristics of the space.
The main corridor is one of the brightest spaces with natural
daylight spilling in from the clerestory lighting on the east
and west walls. A higher concentration of light defines each
entry into a classroom wing or a space like the media center.
The secondary corridors along the north sides of the class-
room wings display a soft comfortabie levei of northern day-
light which remains constant throughout the day. The class-
rooms offer a comfortable level of daylighting where little or
no artificial lighting is necessary. The large gathering spaces
located toward the end of the wing offer views to the park
through punched openings that fili the outside perimeter of
the space with daylight. A celebration of light through light
and shadow is expressed on the eastern half of the large
gathering spaces.

Light calculations were conducted to determine how much
space was needed in between the classroom wings in order
for light to reach the next classroom wing. To maximize
daylighting, it was important that the shadow of one class-
room wing would not cast onto another classroom wing.
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These are some renderings that were pre-
sented at the final presentation. Each of
the gathering/celebration space is repre-
sented by a different color on the exte-
rior. This gives each grade level an iden-
tity for their classroom wing. This allows
children to locate which classroom wing
is theirs from the outside if they pass by
the school. It allows them to understand
where they fit it relation the overall
scheme of the building.

After, final reviews, 1 was still unhappy with
a few of my design decisions. So, | con-
tinued to explore alternatives and differ-
ent solutions for a few elements that | felt
needed some work.
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These were the drawings presented at the final review. The floor plan
(north facing up) consists of two levels that coordinate with the topogra-
phy changes on the site. The lower level meets the main level at the
secondary entry to the north. During the school hours, both ieveis would
be used. However, after school hours the facility has the ability to be
separated into zones. The lower level could be shut off completely from
the rest of the school for after school activities for the students and the
surrounding community. The lower level is at the same elevation as the
driveway that runs through Garfield Park. It serves as the activity zone of
the school with the gymnatorium, cafeteria, music classroom, visual arts
classroom, and science classroom. The cafeteria and the gym can be
combined as one or separate by a movable partition. A movable platform
for performances can be placed in between the cafeteria and gym, offer-
ing some flexibility. The area also houses the mechanical space for this
zone of the building. The food service area is located adjacent to the
cafeteria. On the first floor, the administration is located to the lower right.
The classroom wings run north-south perpendicular to the main corridor.
The kindergarten is located near the main entry, furthest south on the
plan. The media center is located toward the center of the building along
the main corridor and to the east. Mechanical space for the main level is
located within the space above the main corridor. This area is covered
with a skylight roof system like Kalwall. An increase in the amount of
daylighting occurs where the corridors intersect. Light is being used to
define the entries into other spaces. The increase in daylighting occurs
from an opening that is punched through the ceiling of the main corridor.
Daylight is diffused through the Kalwall and into the skylight that is over-
head the intersections in the main corridor.
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| felt that the connection between the celebration/
gathering spaces and the classrooms could be sim-
plified and more aesthetic. The way the roof of the
classrooms met the celebration/gathering space was
unpleasant. So, | explored with creating a large wall
that allowed for a cleaner connection and a better
defined zone within the wings.

In addition, the roof scheme for the spaces located
east of the main corridor was also reconsidered.
Originally, the roofs sloped away from the main cor-
ridor. The connection between the main corridor
and the spaces east of the corridor appeared awk-
ward. From the outside, the media center and ad-
ministration spaces looked tacked on to the rest of
the building. They didn't have the same language
as the west side of the building where the class-
room wings are located. Therefore, | reconfigured
the main floor plan and applied the same design
language on the east side as the west side. By
“extending” the wings to the east side, the media
center, restrooms, and administration spaces ap-
peared to have a closer relation with the main corri-
dor and the rest of the building. In addition, the
wings projecting onto the east side also changed
the scale of the east facade. The imagery reflected
the contextual imagery of the residential neighbor-
hood across the street to the east.
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The placement and organization of the kindergarten wing in the original design appeared to be problematic. The
kindergarten did not reflect the same language as the rest of the classrooms. Its location also made it appear like it
was forgotten and added on last minute. Also, | did not feel that it was safe enough being so close to the main entry.
So, 1 decided to place the kindergarten along the east side of the main corridor with the media center and administra-
tion. This was a much cleaner and safer design. No one would be allowed access to any part of the school without
first passing the reception desk in the administration area.

The next issue | addressed was the main entry. In the original design, people would enter a tall solid cone-like shape.
This idea raised some security concerns. The reception area should be able to see who is approaching and entering
the school. Therefore, | changed the materials of the main entry and completely enclosed it in glass. The doors were
moved to the south side facing the parking lot. This was a much better solution than the original awkward entry from
the east that made guests take a ninety-degree turn to enter into the school.

The celebration/gathering spaces were also slightly altered. The proportions were changed and windows were
placed along the west side to aliow daylight into the space. The cone shape rises above the space and terminates
with an opening/skylight, sloped toward the south, unique to each individual wing. The exact shape of this opening
was not explored, however, | imagine that as light pierces through the top a single beam of light is created that shines
against the interior sloping walls of the cone. Some of the wings may have an opening that allows light to cast a
pattern of shadows onto the wall.

In addition to the other design changes, the width of the main corridor was
widened. The twelve-foot wide corridor of the original design was too narrow
and the height of the space made the corridor appear even narrower. The new
widened main corridor acts as an internal “greenway.” Small trees are placed
inside to add life to the corridor and reflect the outdoor landscape of the park.
Daylight filters through clerestory lighting from the east and west walls. The
way the light filters into the building and distributes through the interior row of
trees and into the space creates a feeling of being outside.

The main level of the new floor plan is included on the opposite page. The lower level remained unchanged. A
sketch of a section through the main level along the east-west axis reflects the new design changes.
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“ ight attracts people. It shows the way. and when we see light
in the distance. we follow it. We seek light.”

Ricardo Legorreta



It is difficult to believe my years here at Ball State are finally completed. It has been a challenging five
years here, but at the same time | have had a lot of fun too. Most of all, | am so glad the all-nighters and lack
of sleep is all over, well | think. My mind and my body cannot handle doing that any more. 1 feel this thesis year
has been a very rewarding experience. | feel competent enough in my abilities to now go into the real world
and experience architecture first hand in the profession. | will soon be joining The Estopinal Group in
Jeffersonville, Indiana and cannot wait to start my professional career there. | hope to apply all that | have
learned from Ball State and this thesis including daylighting and school design. One of my goals as a profes-
sional is to introduce daylighting strategies into the designs that | create. Maybe | will even have the opportu-
nity to take daylighting in schools one step further and introduce other sustainable design applications to my
designs. Daylighting strategies in schools do not have to be located in California or North Carolina. They can
be done here in the Midwest too. Someone has to take that first step and | plan to do it.

After my final thesis reviews, my colleagues told me that it was time to relax because | was finished.
However, | was not pleased with my design. | wanted to continue exploring. | knew my design had more
potential. Being the perfectionist that | am, | continued to design and modify my design even after this thesis
report and the thesis plate were scheduled to be turned in. My friends and colleagues thought | was crazy and
told me | just need to stop with what | had and finish. Well, | can honestly say | am glad that | ignored them and
their negative comments. There are a few things that | did not get to explore, but overall | am very pleased with
the final result. Several people have mentioned my design is much stronger now. | feel all the extra hard work
paid off. Maybe now | can relax a little.
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